After-hours radiology is an increasingly frequent topic for discussion and debate within the medical community; in the academic community, this topic centers around the role of the ''on-call'' radiology resident. Academic and nonacademic centres have been experiencing ballooning workloads and have had to introduce new and creative work paradigms to accommodate this extra burden [1] . Results of one representative study reported an increase in after-hours utilisation of computed tomography (CT) by 59%, magnetic resonance imaging (MRI) by 51%, and ultrasound by 30% over a 4-year period [2] . Furthermore, the use of crosssectional imaging, particularly CT, is increasing at a rate that far exceeds emergency department (ED) volumes and acuity [3] . Not only is the volume and breadth of on-call imaging growing, there is increasing pressure for ''stat'' or contemporaneous reports. These realities place a significantly increasing and changing load on radiology residents, who typically manage the department after hours. Hence, to optimally prepare residents for on-call commitments as well as to allocate manpower and resources optimally, it is important to be aware of the trends and variations in the current after-hours radiology landscape. This information would be particularly useful to the University of Western Ontario's Diagnostic Radiology Residency program planners.
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The purpose of this study was to assess for any significant trends with regard to on-call radiology consultations in a Canadian academic health care setting (London Health Sciences Centre and St. Joseph's Health Care in London, Ontario) between 2005 and 2009. Specifically, the following questions were analysed:
Has there been a significant increase in total number of after-hours radiology consultations? If so, by how much? Is there any variation based on modality? Is there any variation based on the month? Is there any variation based on day of the week? Is there any variation based on resident level of training?
Materials and Methods
A retrospective review of on-call radiology consultations at the University of Western Ontario (UWO) from January 1, 2005, to December 31, 2009, was performed. This was achieved by using the ''UWO Radiology Preliminary Reports'' Web site and its associated search engine ( Figure 1 ). While on-call (5 PM to 8 AM on weeknights and 8 AM to 8 AM on weekends and statutory holidays) radiology residents at the UWO are required to enter certain demographic and contextual data into the Web site, along with a preliminary report for all consultations performed. Typically, a single entry is made for a consultation on a single patient, although the actual number of tests may be multiple for that patient.
The radiology resident is responsible for all after-hours CT, ultrasound, MRI, fluoroscopy, as well as occasional plain film interpretation at the specified request of a clinician. The preliminary report includes date and time, patient initials, hospital identification number, type of study or studies (modality, body part), summary of findings, to whom the reports was communicated, and the name and level of training (ie, postgraduate year [PGY] 2, PGY-3) of the reporting radiology resident.
All preliminary reports entered into the Web site during the specified time period were included, except those that occurred on days for which data were incomplete for some reason, such as when the Web site was being maintained or not functioning correctly (4 such days in total). All studies that were performed and/or requested after hours were included. These also included studies that may have been performed or triaged during regular working hours, yet a preliminary report was provided by the resident after hours to a clinical service.
The data were expressed in absolute numbers as well as means. The yearly totals for different modalities were analysed with linear regression to assess for change. The data for variation based on month, day, and resident level of training was analysed with 1-way analysis of variance (ANOVA), followed by analysis with the Fisher least significant difference for monthly variation and Student, Newman, Kuels (SNK) for daily variation.
Results
A total of 53,240 after-hours radiology consultations were performed by residents from 2005-2009 (Table 1) . Although the yearly total was 9700 for 2005, this increased to 11,241 for 2009, which represents a 16% increase over 5 years ( Table 2) . All cross-sectional modalities demonstrated average annual increases as depicted in Figure 2 and Table 2 , with fluoroscopy being the only declining modality, dropping from 40 annual studies in 2005 to 24 in 2009, which represents a 40% decline (Tables 1 and 2 ). Based on linear regression, the greatest percentage increase was for MRI studies at 2885% over 5 years. However, there was a caveat that residents were not actually responsible for interpreting after-hours neurologic MRIs before 2007, which constituted the vast majority of after-hours MRIs. The next greatest percentage increase was for ultrasound, at 18% over 5 years. CT utilisation increased by 11%, comparatively less than the overall increase in all consultations.
Analysis of monthly variability identified January as the least busiest month for total number of on-call consultations performed, with a mean of 819 (Table 3) . Although February had a lower total number of consultations, it also only had an average of 28.2 calendar days and, therefore, on a per day basis was not less busy than January. There was a statistically significant difference between the least busy month of January (819 consultations), and the busiest months of August (959 consultations) and December (960 consultations), with P < .05 ( Figure 3) .
Variation in the number of consultations performed by day of the week was studied for the 2 most recent years of data (2008) (2009) . Only consultations performed and/or interpreted between 5 PM and 8 AM were included to be able to compare weekdays with weekends and statutory holidays. During these hours, the least number of cases was performed on Wednesdays (mean, 18.6 consultations per night) and the most on Fridays (mean, 21.3 consultations per night), with a statistical significance of P < .05 ( Figure 4 ; Table 4 ). Analysis of variation in the number of consultations by resident level of training also used only the 2 most recent years of data (2008-2009) for consultations performed and/or interpreted between 5 PM and 8 AM. Because 2 residents are on call during the daytime hours, with some residents working later, into after hours, only data for the first on-call resident on weekends and statutory holidays were used. The mean number of studies performed during the hours mentioned above was 19.7, with no statistically significant difference among resident of varying levels of training ( Figure 5 ; Table 5 ).
Discussion
After-hours or on-call radiology workload has seen a dramatic increase in the last decade. This increase does not necessarily correspond to increased volumes or acuity in the wards or EDs. Weir et al [4] identify a 13-fold increase in the number of CT pulmonary angiograms performed for diagnosing pulmonary embolus between 2000 and 2005, with a significant drop in positive yield, which suggests overutilisation. During a similar 5-year time period, Broder and Warshauer [3] cataloged increases in CT utilisation from the ED at 51% for head, 463% for cervical spine, 226% for chest, 72% for abdomen, and 132% for miscellaneous [3] .
Residents in Canadian teaching hospitals provide the after-hours radiology coverage to the requesting departments as a vital clinical service [5] . The nature of their work is not simply an extension of the day-time departmental functions; the residents are required to triage and protocol unique and more complex cases, interact frequently with clinical staff, make more emergent interpretations, and do so for a workload that has higher proportionate acuity with traumas, postoperative complications, and so forth [5] . In addition to clinical service, on-call duties also have many benefits for the radiology resident as an important educational experience, including developing independence and providing exposure to unique and challenging cases [6] . The experience is similar in the United States [6] , where, in fact, only 10% of academic departments surveyed had 24-hour coverage by an in-house attending radiologist [7] .
In assessing for trends in the after-hours radiology utilisation in London, Ontario, we discovered that there has been a 16% increase in the total number of consultations over 5 years (2005-2009), with individual modalities increasing at a similar rate. Compared with some of the United States studies already cited, this represents a far more modest increase [2e4]. In the 10 years ending in 2003, the number of CTs performed in Ontario increased 3-fold, and MRIs increased 6-fold [8] . Between 2003 and 2007, in Canada, CT increased 28% and MRI increased 43% [9] . In Ontario, between 2003-2006, CT increased 25%, MRI increased 49%, and abdominal ultrasound increased 9% [10] . Within the southwest Ontario region where London and UWO are centred (Local Health Integration Network 2), during the same time period, CT utilisation increased by 21%, MRI 39%, and abdominal ultrasound 6% [10] . Hence, our data suggest that trends in on-call utilisation of these services are certainly more similar to the Canadian experience, specifically the provincial and regional trends, than the United States.
Data obtained from the Department of Corporate Communications for London Health Sciences Centre showed that, between May 2004 and May 2009, a time period very similar to our study, ED visits and hospital admissions increased by 15% and 16%, respectively ( Figure 6 ). This is nearly identical to the overall increase in after-hours radiology consultation of 16%. Therefore, although there is variation with regard to modality, the total number of on-call radiology consultations is very consistent with increases in ED visits and admissions, contrary to much published U.S. data. On-call radiology volumes have kept pace with other local markers of acuity and volume.
Another important finding was that fluoroscopic examinations, although having declined by 40%, are still being performed on call. As such, it would be wise for radiology programs to continue to train residents in basic gastrointestinal fluoroscopic techniques because they would need such skills while on call.
Small statistically significant differences in monthly and daily on-call radiology volumes were identified. January was the ''slowest'' month, whereas August and December nearly tied for being the ''busiest.'' Similarly, Tuesday and Wednesday nights were slower than Friday and Saturday nights. These findings may be of use when trying to devise equitable call schedules and ascertaining comparative weightings for resident's on-call responsibilities.
There was no statistically significant difference in the amount of work done between junior and senior residents. When taken as a whole unit over the 5 years, each PGY resident did the same number of consultations per night on call, which does not comment on speed and timeliness of reports, or the accuracy. Some limitations need to be considered, such as the fact that the results and conclusions are not applicable to every institution in Canada; rather they are most relevant to large tertiary-type academic medical centres. In retrospect, we cannot be entirely assured that all residents completely or accurately logged their on-call reports. Also, a second resident on duty during the day on weekends could potentially have diminished the workload for the sole resident on call on weekend evenings, which is what was measured. When assessing monthly variability in on-call volumes, the difference in calendar days among months was not taken into account (ie, 28, 29, 30, or 31 days). Nonetheless, January, with the maximum number of days of 31, was still deemed to be the least busy. Finally, variation by day and resident level of training was only assessed for the 2 most recent years of the 5-year study period.
The trends identified in the study help to illustrate that the after-hour utilisation of radiology in a Canadian academic health care setting is compatible with acute care volumes and differs significantly from the United States. Furthermore, the identification of volumes and increases or decrease based on modality should help program directors at the University of Western Ontario, in particular, ensure that their residents gain appropriate on-call preparation and training before being left to work independently after hours. Indeed, scheduling and manpower allocation may be affected by some of the monthly and daily variability identified. It would be ideal if other academic medical centres could perform similar audits of their on-call landscape, so that national trends and interprovincial variability could be assessed.
